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CHEMICAL CAPTURE REAGENT 

I 

TECHNICAL FIELD 

The present invention relates to a chemical capture reagent for proteins and peptides. In 
particular, the invention relates to using a chemical capture reagent in methods of. 
selective labelling and capture of peptides or proteins from samples prior to comparative 
quantification and analysis. 

4 

' • I 

•I •» 

BACKGROUND TO THE INVENTION 

• ■ 

It is increasingly being recognised that interpretation of flie wealth of new data arising 
from genomics requires a parallel understanding of the dynamics and differential 
expression of proteins and peptides themselves. Recent advances in proteomics have 
' focused on developing high throughput methods for rapidly separating and analysing 
complex protein samples. The most common implementation of proteome analysis is 
based on the separation of complex protein samples by two-dimensional gel 
electrophoresis (2DE) and the subsequent sequential identification of peptides, after 
proteolysis of the separated protein species, by mass spectrometric (MS) techniques. 

Although 2DE has considerable resolving power, it has not so far been possible to use 
this technology to display an entire cell or tissue proteome in a single e^eriment 
Several classes of proteins have proven especially resistant to analysis by 2DE, including 
low and high molecular mass proteins, membrane proteins, proteins with extreme 
isoelectric points (pis) and low abundance, e.g. regulatory, proteins (Corthals et al 
(2000) Electrophoresis, 27:1 104-11 15). Some of these proteuos escape detection unless 
prior enrichment steps are taken and this limits the dynamic range of the technique. 

In addition, the sequential manner in which samples are processed in 2DE-based 
techniques limits sample throughput and makes automation difficult Furthermore, the 
ability to compare differential protein expression by comparative quantitation of 
proteomes from different samples remains a major chaUrage in proteomics research. 
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Accordingly, there is a need for improved tedbniqueis which allow the selective labeling 

and purification of proteins and peptides to faciUtate comparative analysis a^ 
quantitation. 

5 , ' " 

WO 00/1 1208 describes a method for differential analysis vMch involves labeling the 

protein or peptide samples m solution with an isotopically-coded afiBnity tag ^[CAT™). 

• ■ . • . ■ 

To compare protein abundance between two proteonies quantitatively, one proteome is 
treated with a * light' (non-deuterated) version of the afiBnity reagent and a second 
10 proteome is treated with a 'heavy' (deuterated) version of this probe. Following trypsin 
digestion, the affinity reagent-labeUed peptides are isolated by (sti:ept)a^ 

chromatography and analysed by liquid chromatography MS, The ICAT™-a£5^ 
reagent (-500Da) is a relatively large modification that remains on each peptide 
throughout flie MS analysis. 

.15 

t ■ 

However, in order to analyse the isolated proteins or peptides, the strong affinity bond 
between the ICAT^m reagent and solid phase must be disrupted. Disrupting such affinity 
interactions often requires forcing conditions, which may cause damage to the protein or 
peptide sample prior to analysis or may result m low recovery yields of the sample. 

20 Moreover, the affinity reagent must be added in excess to ensure that all the protein is 
labelled and excess affinity support must be present, to ensure that all labelled protein 
then binds. This method therefore requires a high level of sample manipulation with two 
separate steps to label and capture the desired proteins/peptides. Furthermoie, where the 
affinity approach is used, non-specific binding between proteins/peptides in the sample 

25 and the affinity reagent on the solid surface may occur. In addition, endogenous biotin 
binding proteins in the sample may bind directly to a streptavidin-coated solid ^ir&ce. 
This may give false results in an analysis and complicate the binding reaction. 

■ ■ 

WO 01/86306 describes a method for differential analysis of proteins. The mettiod 
30 involves fragmenting differentially expressed protein samples, either enzymatically or 
chemically, to produce a peptide pool. A proportion of this peptide pool is then 
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isotopically labelled, for instance on cysteine using^a,fluol-reactive reagent coupled to an 
affinity reagent such as biotin. The resultant peptides are then c^tuted using a capture 
moieiy and subsequently analysed by mass'spectrometry. Mention is also made of the 
possibility of selectively labelling the C- or both terminL 

Zhou et al (Nature Biotechnology (2902) iP, 512-515) describes methodology for 

dijSerential analysis of a protein reactive group coupled to a linker itself bound to 

< 

aminopropyl glass beads via a phptochemically cleavable group. The paper describes 
only the use of cleavage via photochemical means.' J I 

Munchbach et dl. (Analytical Chemistry (2000), 72, 4047-4057) describes an alternative 

strategy for differential analysis of proteins. Blocking of the lysine residues is achieved 

* 

vising succinic anh yd ride, followed by proteolysis, to liberate peptides who se N-tennini 
can be subsequently labelled with either H4 or D4 l-(nicotinoyloxy)succinimide and the 
two samples then combined. The presence of the positive charge on labelled proteins 
. imder acidic conditions aids subsequent analysis by mass spectrometry. 

US 433 1590 describes a binding assay for determination of the concentration of a ligand 
in a liquid medium based on a conjugate of the form glycone-dye indicator-hgand. 
Subsequent determination of the label is achieved after enzymatic cleavage of the 
glycosidic linkage between the glycone and the dye moiety resiilting in an increase in the 
jQuorescence. Separation of bound from non-bound components is achievable using a 
variety of different methods such as a solid-phase bound antibody as well as the use of • 
immune complex precipitating agents and adsorbents. The separation is by af&iity means 
rather than covalent. 

An alternative strategy was devised by Smith (Analytical Chemistry (2001) 75, 2132- 
2139) where ^^-metabolic labelling was used to introduce labels into proteins, 
lodoacetyl-poly ethylene oxide-biotin was then used to label the cysteine-containing 
proteins, the sample then being hydrolysed by trypsin. Cysteine-containing peptides were 
then isolated using immobilised avidin. 
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WO 02/42427 describes the use of protein mass tag reagents (PMT) that allow for 
^splective isolation of either peptides or protein fragments from complex mixtures either* 
—with or without the digestion of the protems. The PMT consists of at least an amino acid 
reactive moiety plus possibly one or more accessory moieties and/or one or moi« 
recognition moieties, the mass difference part of the compound being present at the 
amino acid reactive, accessory or recognition moiety. The accessory moiety may be a 
fluorescent chemical functionality or an entity that enhances separation of the proteins or 
peptides by the PMT reagents. In addition the labellmg of proteins after proteolysis with a 
biotin- moiety contaiiiing an isotopic label is discussed. 

Many of the metiiods in the art dq>end upon the usd of affinity reagents (e.g. 
WO 00/11208, WO 01/86306, US 4331590, WO 02/42427) for the capture an^^^^ 
purification of peptides or proteins. The use of such affinity reagents necessitates 
additional handhng/purification steps and may lead to binding of endogenous biotin 
containing peptides (e.g. acetyl CoA carboxylase) and non-specific adsorption. Indeed, 
quantitative cleavage of biotin-labelled peptides firom afBnity columns can prove 
difScult The disruption of affinity bonds in such methods, and the use of photochemical 
energy in the Zhou method described above, may also cause protein/ peptide damage. 
Furthermore, few of these methods are amenable to the analysis of hydrophobic proteins 

There is therefore a need for an improved method. 

The present invention involves the capture of proteins and/or peptides onto a carrier, such 
as a solid support, using a reagent which is covalently bonded to immobilise it onto the 
carrier aiid has a protein reactive group itself covalently cormected to a linker containing 
a label, and a cleavable group. This allows the labelling and capture step to be combined 
in a single step by incubating the protein or peptide with the single reagent and provides 
protein or peptide attachment to a solid phase by covalent, chemical means (so-called 
"chemical capture") rather than through an afiBnity interaction. 
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• ... * • * 

« « 

For the analysis of mviltiple protein samples in a differmtial ^proach, it is desirable to 

« 

minimise the manipulations of each sample to maintain the original protein 
, - representation. Using the chemical- capture approach of the present invention, the « 
— (—individual sample-manipulation is reduced, requiring only a single step to label and 
5 capture the desired proteins/peptides by mixing each sample with the relevant solid 
support-bound reagent The captured ^amples can then be combined, enabling all 
subsequent steps to be carried out on tibe mixed solid-support samples. This ensures that 
uniform treatment is applied to the two (or more) samples such that any differences 
observed are as a resvilt of different protein expression levels and tumover rates in the 
10 samples rather than as a result of variations in the processing of the individual samples. 

* • 

For MS analysis, as the chemical capture rea:gent relies on a covalent linkage with the 
solid phase and a cleavable linker rather than an affinity interaction, the molecular weight 
of the peptide and label together can be reduced because the sample is cleaved froin the 
15 solid support leaving only the label attached to the protein / peptide, compared to an 
afOnity approach where the labelled sample also includes the mass of the afGnity group 
itself. This is advaniageous as the resolution of MALDI and electrospray mass 
spectrometers is generally higher at lower molecular weight, thus a smaller 
label/modification is preferable. 

20 

SUMMARY OF INVENTION 

* 

The present invention provides a capture reagent having Formula (I): 

25 PRG-L-X-carrier (I) 

wherein: 

PRG is a peptide or protein reactive group 
L is a linker group 
X is a cleavable group 
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... ' ' * • 

Suitably, PRO may be any functional group that reacts selectively with any functional 
groups present in specific peptides or proteins. In a particularly preferred embodiment, 

^ - -the-functional-gipup targeted is cysteine residues and^^^ 
«— consisting-of maleimide, pyridyldisulfidervinylsulfone, iodoacetamide, epoxide, nitrile, 

5 aiyl thiol, or sulfonated alkyl, in order to capture thiol containing proteins or peptides. In 
a particularly preferred embodiment the PRG is maleimide. 

■ . ' . * * ■ • 

Several other functionalities exist on a protein or peptide that could also be specifically 

targeted e.g. e-amino groups on ly siae residues or the N-temunus of a peptide or protein 

10 could be targeted by active esters, such as N-hydroxysuccinimide ester, by 

isothiocyanates, isocyanates, imidoesters or sulphonyl halides as the PRG. Amines may 

also be specifically targeted with aldehydes and ketones in the presence of a reducing 

■ ■ " ■ .." • 

agent such as sodiimi borohydride or sodiirai cyanpborohydride. 

15 CarboxyUc acid residues on amino acids, such as glutamic acid or aspartic acid, or the C- 
terminus of an amino acid may be coupled to either amines or alcohols, for example 
using water soluble .carbodiimides, such as the carbodiimide l-ethyl-3-(3- 
dimethylauunopropyl)carbodiiniide hydrochloride (EDAC) with or without the presence 
of catalysts such as 4-dimethylaminopyridine. 

20 

Phosphate-containing peptides (e.g. phosphoserine or phosphothreonine-containing 
peptides) can be modified by first treating them with barium or sodium hydroxide (see, 
for example, Oda et al (2001) Nature Biotech, 19, 379-382 and Byford MP, Biochem J, 
(1991) 280j 261-265) to effect elimination of the phosphate groups to leave an alkene 
25 group. The resultant alkene can be reacted direcdy with a carrier thiol functionality as 
the PRG or further treated with an excess of ethane ditfaiol to form a thiol group for 
binding to a maleimide or other thiol-reactive PRG 

• • • 

For carbohydrate-containing proteins or peptides, suitable PRGs include amines or 
30 hydrazines which may react with aldehydes or ketones present on the carbohydrate with 
or without the presence of a dehydrating agent such as 2, 2-dimethoxypropane followed 
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by reduction of the resultant Schifif base with NaBKU, or NaCNBHs. Alt^natively, 
oxidation of vicinal diols on the carbohydrate can be achieved, for example, with periodic 
acid and the resultant aldehyde coupled to an amine- or hydrazm&-based linker. 

5 The PRG may be chosen so as to covalently target a Reaction with specific protein 
functions stich as enzyme classes. For example, PRG may be based on inhibitors of 
specific enzyme classes such as kinases, phosphatases or proteases. Thus, in one 
embodimmt, PRG may be based on a mechanism-based or suicide inhibitor. Such 
inhibitors (reviewed for example in Sandler et al . *l!>esign of eni^me irdiibitors", Oxford 

10 Science PubUcations 1989 (ISBN 0-19-261537-8) and Walsh (1984) Ann. Rey. Biochem 
55, 493-535) can display remarkable specificity for a particular enzyme or class of 
enzyme. For example, serine hydrolases are potently inhibited as a class of enzymes by 
fluorophosphonates as well as groups bearing a-halo or (acyloxy)methyl ketone 
substituents (Cravatt & Sorensen (2000), Ciirr. Opin Chem BioL, ^:663). Tyrosine kinase 

* IS can be inhibited with 4-(phenylamino)quinazoline- and 4-(phenylamino)pyrido (Smaill et 
al, (2000; J Med Chem. 43(7), 1380-1397). Bindmg interactions between a PRG and 
different classes of enzymes are described, for example, by Cravatt and Sorensen. In 
another embodiment, PRG may be an enayme substrate that is selectively cleaved or 
modified by the enzyme of interest rendering the enzyme boimd to the capture reagent 

20 

L is a link^ group which is, preferably, substantially unreactive to peptides and proteins 
and to cleavage conditions. Suitable linker groups include: ethers, pplyethers, amides, 
polyamides, poiythioethers, disulfides, silyl ethers, methyl, ialkyl or alkenyl chains 
(straight chain or branched and portions of which may be cyclic) aryl, diaryl or alkyl-aryl 
25 groiq)s. In the context of the present invention, the term alkyl is to be interpreted as 

comprising 2 to 20 carbon atoms, preferably 2 to 10 carbon atoms. More pref<»ably, the 
linker group L is a C4 or a alkyl group. Aryl groxq>s in linkers can contain one or more 
heteroatoms (e.g. N, O or S atoms). 
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Suitably the linker group comprises a detectable label moiety and is covalently linked to a 
cleavage group sudi that cleavage of the cleavable group results in the detectable label 

moieQr remaining boundto the PRG and the"captured'protein~or peptider* - . - . . 

• « 

In one embodiment, at least some of the atoms ia the linker or the cleavable group may 
be readily replaced with stable heavy ^sotopes, for example, hydrogen may be replaced by 
deuterium. Different combinations of hydrogens and deuteriums may be used to enable 
multiple samples to be differentially labelled and detected by mass spectrometry. 
Suitably, at least 2 deuteriums but preferably 6 to & deuteriums are included where mass 
spectrometric detection is used. 

• • * ■ 

Particularly prefisnred linkers using stable heavy atoms include those given by tire 
following Formiilae V-IX in which H/D indicates where the Hydrogen atoms (H) may be 
readily replaced with Deuterium (D); 



wo 03/005026 PCT/GB02/03035 




H/D ' H/D 



IX 

. \^ . . 

H/D H/D 

In another embodiment, L may comprise a detectable label moiety. Suitable label 
moieties include stable isotopic labels such as ^H, ^^C, ^^^^O, ^^O, ^"^S, ^^S, ^^S, 
radioisotopic labels e.g. "^H, ^"^C, ^^S or chromophores, such as an azo dye, fluorophores 
such as fluorescent dye molecules or luminescent molecules. Particularly preferred 
fluorescent dye molecules include fluoresceins, rhodamines, coumarins, cyanine dyes 
(CyDyes™), BODEPY™ dyes and squarate dyes. 
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Suitably, tbe detectable label exists in at least two distinguishable foims enflh ling 
quantitative differential analysis between two or more samples to be performed. In a 

- , —pfflticularly-preferred embodimmtrthe distinguishable-forms have substantially the* same 
^ chemical structure such that two samples labelled with twn disringiiig^j^bly labf^lled 

5 capture reagents have substantially indistinguishable mobility when axudysed by 

chromatography or other separation n^ethods such as 2DE, capillary electrophoresis (CE). 

In a particularly preferred embodiment, the linker comprises a fluorescent moiety. In this 
embodiment, carrier reagents for use in detemiining dijBferential e>qpression of proteLos in 
10 two samples would comprise linkers containing spectrally resolvable fluorescent dye 
molecules. Sets of "matched" luminescent dyes i.e. dyes having generally the same size, 

ionic and pH characteristics but that absorb and/or fluoresce light at different 

» 

wavelengths are described, for example, in US 6,043,025. 

15 In a particularly preferred embodiment for mass spectrometric detection, distinguishable 
labels wovild comprise differentially isotopically labelled linkers that give a mass 
difference that can be resolved in the mass spectrometer. 

The linker may also comprise additional modifications to enhance ionisation in the mass 
20 spectrometer. Depending on the nature of the PRG, the modification may include the 
addition of an acidic or basic group, e.g., COOH, SO3H, primary, secondary or tertiary 
amino groups, ethers, nitrogen-heterocycle or specific combinations of these groups can 
be employed iii the linker to promote ionisation. Alternatively, the linker may also 
contain groups having a permanent charge, e.g., phosphonium groups, quaternary 
25 ammonium groups, tetralkyl or tetraryl borate, trityl, sulfonium groiips, chelated metal 
ions, or stable carbanions to enhance ionisation of the labelled species. Other suitable 
linker groups include trityl (triphenylmethyl) groups described, for example, in 
WO99/6007. 

30 X is a chemical group that may be cleaved specifically to release the protein/peptide 
sample from the carrier molecule whilst leaving the label attached to the sample. 



( 
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Cleavage may be achieved by a number of diflFerent strategies, notably by acidic or basic 
treatment, by photochemical or thermal means, by enzymatic cleavage, by 
electrochemical, reductive, nucleophUic or electrophilic cleavage. Suitably, the cleavable 
group, X, is positioned such that, following a cleavage reaction, the label in the linker 
5 group, L, remains boimd to the captured protein or peptide. It will be understood that 
following protein or peptide capture, cleavage may result in X remaining attached either 
to the carrier (i.e. the L-X bond being cleaved) or to the linker groiqp L (Le. the X-canier 
bond being cleaved). 

10 A nimiber of different cleavable functionaUties could be envisaged. For example, acid 
cleavable groups have been described by Floersheimer (Peptides, pl3 1-132, 1991) and 
Mergler (tetrahedron Letts; (1998) 29, 4005-4012). TTxese are cleavable using 1% 
trifluoroacetic acid in a suitable solvent Other acid labile groups have been described by 
Albericio (Tetrahedron Letts. (1991) 32, 1015-1018) and include groups which ate 
. 15 cleavable with 0. 1% trifluoroacetic acid. A similar approaqh to linker cleavage was 

Employed by Rink (Tetrahedron Letts. (1987) 25, 3787-3790) where the labile group is 
cleavable in 10% acetic acid. 

Base labile linkage groups have been described (Liu, Int J Pept Protein Res. (1990) 3 J, 
20 95-98) together with the cleavable group described by Albericio (Tetrahedron Letts. 

(1991) 32, 1515-1518) which cleaves through a p-elimination process using piperidine or 
diazabicyclo-[5.4.0]undec-5-ene (DBU). 

Groups cleavable with fluoride ions have also been developed and are described, for 
25 example by Ramage CTetrahedron (1992) 48, 499-514) and Mullen (Tetrahedron (1987) 
28\ 491-494). Reductive cleavage of the groiq) is possible with ammonium 
formate/palladium catalysed hydrogenolysis (see, for example, Anwer (1981) 
Tetrahedron Letts., 22, 4369-4372) whereas reductive cleavage of a 2-azidomethyl-4- . 
hydroxy-6,N-dirdethylben2amide moiety requires triphenylphosphine (Robinson (1993) 
30 Tetrahedron ^P, 2873-2884). 
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A nitrobenzopheiione based cleavable group such as that described by Findeis (J Org 
Chem. (1989) 54, 3478-3482) and Kaiser (Science (1989) 243, 187-191) can be cleaved 
— ^nucleophilically using amines^- hydrazine and carboxylic acids. 



5 In another embodiment, for naass spectrometric detection the cleavable group itself may 

be differentiaUy labeUed using heavy atoins, such as deuteriiim, or stable isotopes such 
that cleavage results in the label remaining bound to the captured protem or peptide. 

Suitably the cleavable group, X, is covalently attached to the carrier Avhich comprises, or 
10 may be functioiialised to comprise, a reactive group. For example, X may comprise an 

activated carboxylic acid (such as NHS ester) while the carrier may comprise an amine 

(or vice versa). Other suitable pairs which can form covalent bonds in this way include 
^ epoxide - nucleophile (e.g. amine, thiol or alcohol) to form an ether linkage, maleimide — 

thiol and boronic acid - 1,2-diol (e.g. 1,2- dihydroxyethane and other dihydroxyalkanes). 
.15 In a particularly preferred embodiment, the cleavable group, X, is attached to the carrier 

Via l-carbox3miethyl-3-formyl indole. 

It is preferred that the components of the compound of Formula I are selected to enable 
peptide or proteui capture to occur such that peptide/protein coupling to the PRG can 
20 occur xmder conditions where the cleavable moiety X is stable. Cleavage at X can occur 
under conditions that leave L-PRG-peptide/protein intact Suitably, where a 
hydrogen/deuterium label is present, the reaction conditions must be such that there is no 
detectable proton exchange reaction between exchangeable protons in the linker group 

and the solvent during any of the sample manipulations. 
25 • 

In one embodiment, the carrier may be a solid support. Suitably the solid support is 
particulate i.e. of a nature suitable to give a high surface area for protein / peptide capture. 

■ 

The solid support could be a number of different types, with varying functionalities. For 
30 example Sepharose (e.g. Sepharose 6B) based sohd supports containing carboxy, amine, 
thiol, epoxy, cyanogen bromide, hydrazide and N-hydroxysuccinimide esters as the 
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coupling functionality (e.g. NHS-activated Sepharope, CNBr-activated Sepharose 
(Ameisham Biosciences). Toyopeiarl epoxy resin (TosoHaas) or Controlled Pore Glass 
(CPQ) with aminopropyl, aminoaryl, N-hydroxysuccinimide ester, glyceryl, hydrazide, 
I alkylamine, thiopropyl functionality present may also be employed. The pore size of the 
5 solid support could be used to discriminate between various sizes of protein. Silica-based 
solid supports e.g. CombiZorb S (Agijent Technologies) are functionalised with either a 
triamine or monoamine which could be used as a handle for further derivatisadon. 

Suitably, the density of protein reactive groups on the solid phase is such that an excess 
10 of solid phase-bound PRGs may be used to ensure that the reaction kinetics are in favour 
of bound peptide, with any excess PRG being quenched once the reaction has gone to 
completion. The loading of the solid support with the protein reactive groiq)s is 
dependent on the starting density of functional group on the solid support used to prepare 
the chemical capture reagent The density or substitution level of a functional group pn 
15 the solid support is generally quoted in ^moles per gram of dry solid support 
Substitution levels for functional groups vary, widely fix)m aroimd 800fimol/g for 
Toyopearl epoxy resin to 19|amol/g for epoxy functionalised Sepharose 6B. However, 
where the PRG on the solid support is thiol reactive, targeting proteolytic digests, then 
only a small proportion of the peptides would be expected to bind given fliat less than 5% 
20 of amino acids are cysteine. Accordingly, in one preferred embodiment, the density of 
the functional groups on the carrier is in the range of 1 to lOOpmol/g. 

For fluorescence detection, it would be desirable to be able to control the nimiber of 
labels added to each protein molecule to give consistent labelling for analysis of whole 

25 proteins. Standard fluorescent labelling methods using activated or reactive dyes targeted 
at specific amino acid residues result in a distribution of labels on the target protein. In 
one embodiment, where the linker comprises a fluorescent moiety, the density of the 
protein reactive groups on the solid phase could be used to control the nimiber of labels 
attached to each protein molecule, hi a particularly preferred embodiment, this would 

30 enable stoichiometric labelling of the protein sample resulting in one label per protein 
molecule to allow tme quantitation of protein abundance in a sample. 



« 
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In addition magnetic beads, latexj agarose or any biopolymer could also be envisaged as 
-potential-supports for the-chemistry-Chemisorption can also be applied to the 
inamobilisation of biopolymers on a surface (Bioconjugation, 1^ Edition, Dent and 
5 Aslam; 53 1-553). A large number of different functionalities, listed in tbis publication, 
are available commercially. 

In another embodiment, the carrier may be a water soluble carrier or macromolecule 
which is also, preferably, chemically stably. Suitable soluble macromolecules include 
10 polyethylene glycol (PEG), such as PEG-based soUd supiports containii^ 
hydroxysucciiiimide ester, aldehydes, maleinudes, and mPEO-BTC (E^^ 
Poly(Ethylene Glycol) Chemistry: Biotechnical and Biomedical Applications pl-14 
Plenum press). Other suitable soluble macromolecules include copolymers of HPMA (N- 
(2-hydroxypropyl) methyacrylamide) and acrylamide-based molecules with PEG linkers. 
,15 StiU fiuiher water soluble macromolecides include 

Biosciences), FicoU PM70 (Amersham Biosciences), Polyethylene glycol (Fluka), 
Polypropylene glycol (Fluka), Poly-L-lysine hydrobromide (Fluka), Polyvinyl alcohol 
(Fluka), Chitosan (Aldrich), Polyethylenimme (Aldrich), Polyallylamine (Aldrich), 
Poly(dimethylamine-co-epichlorohydrin) (Aldrich), Starburst PAMAM dendrimers 

• • • 

20 (Aldrich) and DAB-Am polypropylenimine dendrimers (Aldrich). In a preferred 
embodiment, the water soluble linker comprises FicoU PM70. 

The advantage of using such a soluble macromolecule is that it is more compatible with 
chromatographic separations for washing to remove uncaptured peptides and elution after 
25 cleavage. 

In a particularly preferred embodiment, there is provided a capture reagent of Formula II: 
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FORMULA (n) 




•I I 



In another preferred embodiment, there is provided a capture reagent of Formula HI: 



5 FORMULA (m) 




Carrier 



In a further preferred embodiment, there is provided a capture reagent of Formula IV: 



10 FORMULA (IV) 




n 



—Carrier 
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In a second aspect of the invention, amethod for making a capture reagent in accordance 
with the first aspect is provided. The method of generatmg a capture reagent PRG-L-X- 
-cairier can be achieved in several waysr Suitably, said method may coitqprise first 
'Synthesising a compound having the-formula PRG-L-X prior to couplmg it directly with a 
functionality on the carrier. Alternatively, the method may comprise attachmmt of the 
cleavable group, X, onto the carrier followed by sequential addition of the groups L- PRG 

or L, or PRG. It is important to cap excess amino functionalities on the carrier molecule 

'■■••■* « 

prior to the removal of the protecting group. 

■ I - I • ■ , 

■ * ' . ' : ' * 

In a fliird aspect of the invention there is provided a method for selective labelling and 
purification of proteins and peptides comprising the steps of: 

a) providiiig a capture reagent in accordance with the first aspect of the invention to a 
sample containing proteins or peptides under conditions to promote attachment of the 
proteins or peptides to the PRG; 

■ 

b) releasing captured components from the carrier; and 
6) detecting and identifying the released components. 

In a fourth aspect of the invention, there is provided a method for selective labelling and 
purification of proteins and.peptides in one or more samples containing mixtures of 
proteins or peptides comprising the steps of: 

a) providing a capture reagent in accordance with the first aspect of the invention to one 
or inore samples containing proteins or peptides under conditions to promote 
attachment of the proteins or peptides to the PRG, wherein the detectable label of the 
capture reagent provided to one sample is distinguishable fit>m that provided to 
another; 

b) releasing captured components fix)m the carrier; and 

c) detecting and identifying the released components. 

Optionally, the method further comprises a pre-treatment step i^erein functional groups 
on the protein or peptide are modified to render them reactive with the protein reactive 
group PRG prior to conducting step a) above. In one embodiment, the modification 
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comprises treatment of carboxylic acid groups on ti^e peptide or protein with a water 
soluble carbodiimide, such as the carbodiimide l-ethyl-3-(3-dimethylanMnopropyl) 
• carbodiimide hydrochloride (EDAC) with or without the presence of catalysts such as 4- • 
* dimethylaminopyridine. 

5. . : 

In another embodiment the modificatj^on comprises elimination of phosphate groups on 

the peptide or protein to leave a reactiye alkene groiqp which, optionally, may be 

converted to a thiol group. The alkene group can be reacted directly with a thiol 

functionality as the PRG; if converted to a thiol group, this can in tum be bound to 

10 maleimide or other thiol-reactive PRG. 
■ 

In the case of carbohydrate-containing proteins or peptides, the modification may 
comprise oxidation of vicinal diol groups or dehydration and reduction of aldehyde or 
ketone groups. These groups vsdll react with amine or hydrazine functionalities of the 

■ « ' • , * - 

15 PRG. 

Suitably, the samples may be derived from multiple different protein samples, for 
example, different cell types, cells subjected to different treatmmts or healthy and 
diseased cells, in order to make a comparison of the proteome in Ihe two or more 
20 samples. . 

Accordingly, in one embodiment of the fourth aspect the method further comprises the 
step: 

d) measuring the relative abundances of the released components derived from each 
25 sample. 

Suitably the method allows determination of differences in protein content of the samples 
such as relative expression levels of proteins. 

30 Preferably, in either the third or fourth aspects of the invention, the proteins or peptide 
components in the samples are pre-treated, for example enzymatically (e.g. subjected to 
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proteolytic degradation with trypsin) or chemically processed, before or after their 

i 

capture. The samples nmy also be fractionated prior to c^ture. In on^ 
, -protein-samples inay.be reduced or subjected to proteolysis prior to capture. In ^a^ 
— I --embodiment,-peptide components may be treated so as to ensure oxidation of N-terminal 
5 . serine or threonine functionalities. In this embodiment^ proteolytic degradation of protein 

samples is followed by, for example, periodate treatment Oxidised samples can then be . 

specifically coupled to a carrier with, for example, an aminooxy protein reactive group 

(Gaertner (1996) Bioconjugate Chemistry 7, 38 - 44). 

10 In a particularly preferred embodiment captured.components derived from different 
samples may be combined prior to releasing all captured components. 

In another embodiment, proteins bound to the capture reagent are treated by enzymatic or 
chemical reaction and unbound peptides removed by wadiing. Preferably, washing to 
15. remove unreacted or noh-specifically bound proteins or peptides can take place before or 
after mixing of the two samples. 

The mode for releasing captured components from the carrier depends on the nature of 
the cleavable group, X. Preferably cleavage of the interaction is by chemical, pH, 
20 CTzymatic or photochemical means. 

In one embodiment of either the third or fourth aspect of the invention, an additional 
separation step can be performed before the detection step c). Suitably, the separation * 

■ • 

step may be by high performance liquid chromatography, e.g. on a CI 8 reverse phase 
25 column, ion exchange chromatography, gel filtration or hydrophobic interaction 

chromatography, or by electrophoretic methods e.g. capillary electrophoresis, ID or 2D 
gel electrophoresis. The separation step may also possibly be a multidimensional or 
parallel purification. 



t 
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Where the capture reagent comprises a fluorescent label moiety, the proteins labelled 
with fiuors preferably would be separated by 2D or ID electrophoresis followed by 
excision and digestion of proteins of intaiest, or by ciq>illaiy electrophoresis. 

5 It will be recognised that the method of detection in step c) depends on the nature of the 
label moiety which is included in Ihe cqjture reagent Preferably, the method of detection 
and identification of the released components in step c) is a mass 
spectrometric method such as MALDI or electrospray mass spectrometry. In another 
embodunent, the method of detection may be a fluorescent detection technique such as 
10 use of a CCD camera or fluorescent scanner or fluorescent lifetime. 

■ 

Mettiods and instrument control protocols for the analysis of peptides by mass 
spectrometry are well-known in the art and described, for example, in Ducrct et al. (PxoL 
ScL (1998) 7, 706-719); Figeys & Aebersold (Electrophoresis (1998), iP, 885-892); 
.15 Figeys et al. (Electrophoresis (1998), iP,181 1-1818); and Haynes et al. (Electrophoresis 
(1998) iP, 939-945). 

Both the quantity and sequence identity of the proteins firom which the tagged proteins 
originated can be determined by automated multistage MS. This is achieved by the 

20 operation of the mass spectrometer in a dual mode in which it alternates in successive, 
scans between measuring the relative quantities of peptides eluting from the capillary 
column and recognising the sequence information of selected peptides. Peptides are 
quantified by measuring in the MS mode the relative signal intensities for pairs of peptide 
ions of identical sequence that are tagged with the isotopically light or heavy forms of the 

25 reagent, respectively, and which therefore dififer in mass by the mass differential eticoded 
within the tagged reagent Peptide sequence information is automatically generated by 
selecting peptide ions of a particular mass to charge ratio for collision induced 
dissociation in the mass spectrometer. The resulting spectra are then automatically 
correlated with sequence databases to identify the protein from which the sequenced 

30 peptide originates. Combination of the results from MS analyses of tagged and 

differentially labelled peptide samples therefore determines the relative quantities as well 
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as Ihe sequence identities of the components of pro^ mixtures in a single, automated 

« 

operation. 



-In a-fifOi aspect of the invention, there is provided a use of acapture reagent in 
accordance with the first aspect in analysis of proteomes (or parts of the protebme) fiom 
two or more different samples. 

In another aspect of the invention, there is provided a use of a capture reagent in 
accordance witihi the first aspect in separation of two/or more peptides. 

In a sixth aspect of the invention there is provided a kit for use in the analysis of 
proteomes, said kit comprising a capture reagent in accordance with the first aspect 

Preferably, such a kit comprises at least two individually identifiable capture reagents. 
For example, one with hydrogens present in the linker and one with deuteriums, such that 
the kit can be used to measure the relative quantities of proteins fiom at least two 

different samples. , 

• • * 

Following chemical capture and separation, each proteome sample has the potential to 
create many hundreds of fi-actions of peptides requiring analysis with even more 
complexity being required if sequencing of each peptide is necessary. The workflow of 
different embodiments of the invention are shown in Figures 2 to 4. Where the rq)orter 
molecule is a fluorescent moiety, the proteolysis step is removed and purification and . 
analysis would normally be perfomied by 2D-gel electrophoresis. For solution phase 
labelling of peptides a soluble macromolecule carrier is used (Figure 4). 

For example, where isotopically labelled chemical capture reagents are used, the 
repetitive steps tlaat are involved in large scale sample analysis include the collection of 
isotope-labelled peptides from the chromatography column, spotting these onto the 
appropriate target depending on the choice of mass spectrometer (e.g. the MALDI target 
together with matrix where this is the mass spectrometer of choice) and analysis of each 



I 




wo 03/005026 PCT/GB02/0303S 

21 . 

■ 

fiaction. Automation of this part of the process would increase both the throughput and 
accuracy of the collected data. 

Accordingly in a seventh aspect of the invention there is provided an automated system 
5 for analysis of proteomes. For mass spectrometric detection of isotopicaliy labelled 
samples, a suitable automated system may comprise use of a capture reagent in 

accordance with the first aspect of the invention, automated steps of HPLC and an in-Une 

• ■ . • * 

fraction collector and spotty. 

• • -I 

♦ 

I 

10 Strategies for automation in the case of MALDI MS could, for example, involve 

collection of the samples fi:om the chromatographic separation in a microtitre plate, or 
reducing the flow rate using microbore HPLC. Alternatively, v/bsre electrosp»ray is the 
analytical method of choice, tiiermo ion spray could be used to concentrate the sample as 
it exits the colunm. 

;i5 ■ ■ ■ 

' Brief Description of die Drawings 

For the purposes of clarity, certain embodiments of the present invention will now be 
described by way of example with reference to the following figures: 

20 

Figure 1 shows a reaction scheme for preparation of a compound of Formula 11; 

* • 

Figure 2 shows a reaction scheme for relative peptide quantification by chemical capture 
of proteins followed by proteolytic digestion; 

25 

Figure 3 shows a reaction scheme for relative peptide quantification by chemical capture 
of peptides following proteolytic digestion of protein samples; 

m 

■ • 

Figure 4 shows a reaction scheme for solution phase labelling of proteins with a soluble 
30 carrier; 
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■ ■ 

Figure 5 sho^ a reaction scheme for the preparatiqn. of Maleimidocaproic acid-Sieber- 

« 

. CPG fiinctionalised solid support;' 

« .Figuie-6-shows a reaction scheme-for-tiie-preparatibn-of-Mdeimidocaproanude-Rii^ 

5 CPG 

• - I • • ■ 

Figure 7 shows a reaction scheme for the preparation of Maleimidocaproamide-Indole- 
Aminomethylated Polystyrene 

10 Figure 8 shpws an HPLC trace of 6-Maleimidocaproamide Qiaid line denoting absorption 
at 215mn, dotted line denoting absorption at 256rmi); 

Figure 9 shows a calibration curve of HPLC integration against mass of 

■ 

Maleimidocaproamide; 

Figure 1 0 illustrates the kinetics of cleayage of Maleimidocaproamide acid fix)m 
Maleimidocaproam^de-Sieber-CPG; 

■ * * ■ * 

Figure 1 1 shows an HPLC trace for a Creatine Kinase-Trypsin digest Qiard line denoting 
20 absorption at 2 1 Srun, dotted line denoting absorption at 2S6nm); . 

Figure 12 shows a MALDI mass spectrum of chemically captured and cleaved Creatine 
Kinase on Maleimidobutyramide-Sieber-CPG; 

25 Figure 13 depicts the normalised cleavage of Maleimidobutyramide from 
Maleimidobutyramide-Sieber-CPG; 

Figure 14 shows a calibration of He and D6 Maleimidobutyric acid and concentration; 

• ■ 

30 Figure 15 shows a MALDI mass spectrum of chemically captured and cleaved 

Glyceraldehyde 3-Phosphate Dehydrogenase on Maleimidobutyramide-Sieber-CPG; 
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Figure 16 shows amass spectrum depicting 1:4 <H:D) capture of Laminin Peptide 925- 
933 on He and Ds Maleinudobutyramide-Sieber-CPG (shown with sodium adduct); 



5 Figure 1 7 shows a MALDI mass spectrum depicting .1 : 1 (H:D) capture of Laminin 
Peptide 925-933 on He and De Maleimidobutyramide-Sieber-CPG (shown with sodium 



10 Peptide 925-933 on Hs and De Maleimidobutyramide-Sieber-CPG (shown with sodii 
adduct); 

Figure 19 shows a comparison of experimentally derived and the theoretical ratio of 
DeiHe-Maleimidobutyramide-Lamioin; 

15 



Figure 20 shows a MALDI mass spectrum of chemically captured and cleaved [Val-OH] 
a-Melanocyte Peptide on NHS-Adipic acid-Sieber-CPG; and 



adduct); 



Figure 18 shows a MALDI mass spectruno, depicting 4:1 (H:D) capture of Laminin 



20 



Figure 21 shows a MALDI mass spectrum of chemically captured and cleaved Bag Cell 
Peptide 1-8 on NHS-Adipic acid-Sieber-CPG. 



DETAILED DESCRIPTION OF THE INVENTION 



25 



Abbreviations 



In the interests of brevity, the following abbreviations are used tjiroughout the . 
description: 



30 



CPG 



CHAPS 
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10 



15 



DCM 
DMF 

DMSO 

EDAC 

EtaN 

Fmoc 

HOBt 

MalBut 

MalCap ' 

NHS-Adipib 

PEG 

TBTU 



TCEP 
TFA 
TRIS 
TSTU 



Dichloromethane 
NJ^I-dimethylfonnainide 

Dimethylsulfoxide 

l-ethyl-3-(3-dime1hylaininopropyl)carbodii^ hydiochloride 
Triethylamine 

(9-Fluorenylmethoxycarbonyloxy) 
1 -hydroxybenzotriazole 
Maleimidobutyramide 
MaleiEtiidocaproamide * 
N-hydroxysuccinimidyladipamide * 
PoIy(ethyleneglycol) 

0-(lH-benzotri9izol-l-yl)-N^^*^'-tetrametliyIuroni\m 
tetraQuoroborate 

Tris(2-carboxyethyl)phosphine hydrochloride 
Trifluoroacetic acid 
Tris(hydroxymethyl)aminomethane ' 
0-(N-succiQimidyl)-N,N,N*,N*-tetramethyIiu:oiuum 
tetrafluoroborate 



20 



Reagents and Equipment 



The long-chained amine controUed-pore glass (LCA-CPG) was purchased fiom CPG Inc» 
New Jersey, USA. De-aminobutyric acid was purchased jfrom CDN Isotopes, Quebec, 
Canada. Fmoc-Rink-polystyrene and S-formyl-indolyl- acetomidomethyl polystyrene 

25 were purchased from CN Biosciences (UK) Ltd., Nottingham, England. The peptide Ac- 
Glu-Glu-Val-Val-Ala-Cys-AMC peptide was obtained from Bachem, Merseyside, UK. 
CombiZorb S-monoamine was purchased from Crawford Scientific, Straihaven. a-cyano- 
4-hydrocinnamic acid, CHAPS, urea, Ficoll PM70 and PD-10 desalting columns were 
obtained from Amersham Biosciences, Little Chalfont, England. Tris-(2-carboxyethyl) 

30 phosphine, hydrochloride >yas bought from Molecular Probes, AA Leiden, Netherlands. 
Sequencing grade trypsin was purchased from Promega, Southampton and Ziptips® 
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fiom Millipoie (UK) Ltd, Watford Dimethylfonn^ipide, methanol, acetonitrile, 
dichloiomethane and ether were all obtained from BDH, Poole. All other matmflig 
, purchased from SigmarAldric^ Company L^, Dorset, England. 

5 The Sieber linker was prepared according to the procedure published by Albericio et al 
CPreparation and Applications of Xaiithenylamide (KAL) Handles for Solid-Phase 
Synthesis of C-Terminal Peptide Amides under Particularly Mild Conditions*, J. Org. 
Chem. (1996) 5i, 6326-6339). 

10 The Po-maleimidobutyric acid and De-maleimidpbutyric acid were synthesised according 
to the procedure by Rainer and Grahe ("Method for the preparation of N- 
(carboxyalkyl)maleimides', R-B. Rainer and G.F. Grahe, EP0847991). 

The active substitution level (typical values ranged from l-lOjimol) of tiie Fmoc on the 
15 carrier was calculated from the UVAHLS absorption spectra at 278nm. The standard 
procedure was as follows: 2.0mg of the prepared Fmoc solid support was accurately 
weighed out and suspended in L81g of DMF:piperidine (1:1 w/w) solution. The reaction 
was allowed to proceed to 45 minutes whereby lOOfil of the supernatant was transferred 
to a 1ml volumetric flask and diluted with DMF:piperidine (1 : 1 w/w) solution. The 
20 absorbance was measured at 278nm and the loading calculated from the equation below. 
[c(mmol/g) = (Abs (absorbance) x 10"^) / 10,417 (e)] 

HPLC was performed on a Gilson HPLC equipped with Gilson 234 Autoinjector, 321 
pump^ 170 diode array detector and FC203B fraction collector. The column used (unless 
25 otherwise specified) was a Pharmacia Sephasil ST 4.6/250 C18 reversed phase column. 
Solvent A was 0.1% trifluoroacetic acid/water, solvent B: 0.1% trifluoroacetic acid 90% 
acetomtrile/10% v\mter. The gradient employed (unless otherwise stated) was 100% 
aqueous to 20% aqueous over 30 minutes, then 0% aqueous over five minutes, holding at 
0% for 1 minute then increasing to 100% aqueous over the next five minutes. 
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25 



30 



NMR spectra were performed on the Jeol JNM-LA300 FT NMR system in a suitable 
deuterated solvit 



Matrix assisted laser desorption ionisadon mass spectroscopy (MALDI MS) was 
5 performed on a Bmker Biflex HI instrument Typically, 5|il of flie matrix (a-cyano-4- 
hydroxydimainic acid at 1 Omg/ml in 50:50 ethanol: acetonitrile) was diluted vnttx 5\dof 
the sample and O.Sjil spotted onto a MALDI anchor target and a MALDI spectra . 

recorded The machine was calibrated eitiier with [Glujfibrinopeptide, apamin and 

• ■ ' ■ ■ • t ... 

angiotensin n or Bradykinin 1-7, Angiotensin I, angiotensin n, substance P, bombesin 
10 and adrenocorticotropic hormone 1-17. 

Solvent from HPLC fractions were removed on a Savant 352 Speed vac concentrator with 
inline Savant RT49Q refrigerated c ondensatio n top and Edwards E2M5 high vacuum 
pump. 

.15 

Electrospray MS and MS/MS analysis were performed on a Micromass Q-Tof Ultima 
API tandem mass spectrometer fitted with a Z-spray nanoflow electrospray ion source. 
The mass spectrometer was operated in positive ion mode with a source temperature of 
SO^^C, a coimter cuaent gas flow rate of 40 L/hr and with a potential of 3500V applied to 
20 the standard flow probe. The instrument was calibrated with a miiltipoint calibration 
using selected ions from the collision-induced dissociation of Glu-fibrinopeptide-B. 



Specific Examples 

Synthesis of immo bilised reagent 

The synthesis of a cleavable linker on a solid sujjport with a maleimide protein reactive 
group is achieved as shown in Figure 1. 

To the CombiZorb S-monoamine solid support (50Qmg, 750fimol/g) was added 
dichloromethane (10ml) and dimethylformamide (l.Sml). 3-Formyl-indol-l-yl-acetic acid 
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(O.lSg, 0.75iimiol), N-hydroxybesnzotriazole (0.40g,.3.Qiiimol), 1,3 

* 

diisopiopylcaibodiimide (0.38g, 3,0imnol) and N,N-diisopropylefliylamine (0.15g,. 
Llmmol) were added ^md the reaction stirred for 3 days. The solid support was washed • 
» witii water (2 x lOml), methanol (2 x lOml), DMF (1 x 10 ml) then 50:50 methanolrwater 
5 (1 x lOmi) and finally methanol (1 x 10ml) and dried under a stream of air. 

To the indole derivatised solid support as above (50mg, indole substitution: 206^mo]yg, 
10.3jimol) was added dichloromethane (1ml), 1,3-diaminopropane (188.8|Lunol, 29.1mg ) 
and stined at room temperature for 10 minutes. Sodium triacetoxyborohydride 
10 (1 88.8funol, 40.02 mg) was then added and the reaction stirred at room temperature for 9 
hours. 

To maleimidocaproic acid (42.2mg, 200^mol.) was. added dichloromethane (2ml) and 
DMF (300^1) followed by N-hydroxybenzotriazole (0.108g, 800|imol), N,N- 
15 diisopropylethylamine (0.103g, SOOfmiol) and 1,3-diisopropylcarbddiimide (O.lOlg, 
125.3|il, 800|miol) and left at room temperature for 30 minutes. The derivatised indole 
solid support prepared above (40mg) was then added and the reaction left roller mixing at 
room temperature (25°C) for 17 hours. 

20 The solid support was washed with water (2 x 2ml), methanol (2 x 2ml), water:methanol 
50:50 (3 X 2ml), water (2 x 2ml) and finally methanol (2 x 2ml) and dried under a stream 
of air. 

Synthesis of deuterated chemical capture reagent 

25 The incorporation of deuterium into the linker for simultaneous differential analysis of 
one or more samples is achieved using the same synthetic route as described above for 
the ^hydrogen' (i.e. non-labelled) species. The label is incorporated into the linker using 
the same reductiye amination procedure used for incorporating the non-labeUed linker. 
The deuterated linker has been represented in Formula 11 as the d4- 1,3-diaminopropane 

30 derivative. There are a nimiber of commercially available alternatives for this linker 
(CDN Isotopes). 
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Structure Chemical name No of D*s 

NH2CD2CD2CD2CD2NH2 l,4-4iamino-d8-diamiiie 8 • 

- ^NH2GD2GH2CD2NH2 lv3Hiiaminodiamine-l7l^373Hi^ - 4 

5 NH2CH2CD2CH2NH2 l>3-propanediamiiie-2J2-d2 2 

Fmoc-Sieba--CPG 

The LCA-CPG (500mg, 19.25nmol), Fmoc-Sieber linker (95mg, 192.5niol), 
diisopropylcarbodiimide (25jii, 192.5jimol) and hydroxybenzotri^le (26tng, 
10 192.5pmol) were mixed together in dichloromethane and the reaction allowed to proceed 
for 15 hours. The solid support was then successively \vashed with dimethylfomiamide 
(2x lOml), dichloromethane (2x 10ml) and diethyl ether (2x 5ml) before vacuxmi drying 
(Figure 5). . , . 

15 Sieber-CPG . 

"hie Fmoc-Sieber-CPG (275mg) was suspended in anhydrous dichloromethane (Imi) and 
acetic anhydride (lOO^il, 9.56mmol) and triethylamine (lOOjd) were added and the 
reaction allowed to mix for 1 hour at 25*'C. The solid support was then collected by 
filtration and washed successively with dimethylfonnamide (2 x 2ml), dichloromethane 

20 (2x 4ml) and diethyl ether (2x 2ml) before vacuum drying. The Fmoc group was removed 
firom the resin by addition of 50:50 DMF:piperidine to the solid support for one hour 
followed by washing with dimethylfonnamide (2 x 2ml), dichloromethane (2 x 4ml) and 
diethyl ether (2 X 2ml) before vacuum drying (Figure 5). 

■ 

25 MaleimiH ocaproic acid-Sieber-CPG 

The Sieber-CPG (lOOmg, 3.83jimol (assume a loading of 38.3mol/g)) was suspended in 
anhydrous dimethylfonnamide (500|il) and maleimidocaproic acid (8mg, 38.3nmol), 
diisopropylcarbodiimide (6p.l, 38.3timol) and hydroxybenzotriazole (6mg, 38.3jiinol) 
were added and the reaction mixed at 25*'C for 16 hours. The solid support was then 

30 collected by filtration and washed successively with dimethylformamide (2 x 2ml), 
. dichloromethane (2 x 2ml) and diethyl ether (2 x 2ml) before vacuiun drying (Figure 5). 
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Synthesis of Maleimidocaprnamif ift-l^ink-rpa 

Maleimidoc^ioannde-Riiik-CPG was sy^^ as shown inFigine 6. To the pr[(R,S)- ' 

■ 

a^[l-(9H^Fluoren-9-yl)-methoxyformainido]-2,4-^^ 

(Fmoc Rink) linker (50mg) was added dichloromethane (Iml), hydroxybenzottiazole 
(12.Smg), DMF (70jil) and wanned tq dissolve. Diisopropylcarbodiimide (14.5^1) was 
then added followed by the LCA-CPG (50mg, 38.3nmol/g) and the mixture roller-mixed 
at 25^C for 3 hours. The supernatant was removed in vacuo and the resin washed with 
dichloromethane (2 x 2ml), methanolrwater 50:50 (1 'x 2ml) and finally methanol (2 x 
2ml) and dried in a stream of air (5 1 . Img). Then dichloromethane (0.8ml) was added 
followed by piperidine (200^1) and left for 30 minutes at 25°C. The sample was washed 
and dried as above to give a white solid (35mg). 

To maleimidoc^roic acid (25mg) was added diisopropylcarbodiimide (18.5p,l) and 
dichloromethane (0.5ml) followed by diisopropylefliylamine (20|il) and Rink-CPG (total, 
as above). The mixture was roller-mixed for 2 hours at 25**C and then washed and dried 
as above. To maleimidocaproamide-Rink-CPG (4.5mg) was added sodium carbonate 
bxififer (pH 8.0, 1ml) followed by laminin fragment 925-933 (O.lmg) and left for 16 hours 
at 25^C. The supernatant was removed and the solid support washed with water (500jil). 
Then 10% TFA in water (50p,l) was added, the sample zip tipped after 60 minutes and a 
MALDI spectra was recorded. 

Synthesis of Maleimidocaproamide-Indole-ATninometfavlated polystyrene 

-I 

To (3-formyliQdolyl)acetamidomethyl polystyrene solid support (20Qmg) was added 2,2- 
dimethoxypropane (400|al) and 1,3-diaminopropane (SOfil) followed by methanol (2ml) 
and left overnight. Sodium triacetoxyborohydride (0.208g) was added to half of the 
sample and the reaction roller mixed at 25°C for 24 hours. The solid support was washed 
with methanol (2 x 2ml), water (2 x 2nil), watenmethanol (50:50, 2ml), methanol (2 x 
2ml) and dried under a stream of air. 

To maleimidocaproic acid (84.4mg) was added dichloromethane (4ml) and DMF (600|il) 
followed by N-hydroxyben2»triazole (0.2 16g), N,N-diisopropylethylamine (0.206g) and 
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l,3-<iusopropylcarbodiimide (0.202 g) and left at rqom temperature for 30 minutes. The 

* 

derivotised indole solid support (ds above, 43mg) was added to the activated 
, — maleimidocaproic acdd (2.3ml) and .the reaction left at 25®C foi 17 hours. The solid • 

support-was washed with water (2 x-2ml)rmethanoi-(2-x-2ml)r water:methanol 50:50 (3 
5 X 2inl), water (2 x 2ml) and finally methanol (2 x 2ml) and dried under a streazh of air. 

To the/;-[^S)-a-[l-(9H-Fluoren-9-yl)-methoxyfonnamido]-2,4-dimethoxybe^ 
phenoxyacetic acid (Fmoc Rink) linker (50mg) was added dichlorometfaane (1ml), 
hydroxybenzotriazole (12.5mg), DMF (70^1) W warmed to 

10 Diisopropylcarbodiimide (14.5fil) was then added followed by the LCA-CPG (50mg, 
38.3fimol/g) and the mixture roller-mixed at 25®C for 3 hours. The supernatant was 
removed in vacuo and the resin washed with dichloromethane (2 x 2ml), mefhanohwater 
50:50 (1 X 2ml) and finally methanol (2 x 2ml) and dried in a stream of air (51.1mg). 
Then dichloromethane (0.8ml) was added followed by piperidme (200^1) and left for 30 

15. minutes at 25^C. The sample was washed and dried as above to give a white solid. 
(35mg). 

Capture of L amiTiin Fr agment 925-933 oh MaleimidocaproamiHft-Rinlc-rPO 

To maleimidocaproic acid (25mg) was added diisopropylcarbodiimide (1 8.5jil) and 

20 dichloromethane (0.5ml) followed by diisopropylethylamine (20)il) and Rink-CPG (total, 
as above). The mixture was roller-mixed for 2 hours at 25''C and then washed and dried 
as above. To maleimidocaproamide-Rink-CPG (4.5mg) was added sodixmi carbonate 
buffer (pH 8.0, 1ml) followed by laminin fragment 925-933 (O.lmg) and left for 16 houK 
at 25**C. The supematant was removed and ttie solid support washed with water (500|il). 

25 Then 10% TFA in water (50|il) was added, the sample zip tipped after 60 minutes and a 
MALDI spectra was recorded. A peak at m/z 1 177.4 was observed corresponding to 
laminin fiagment 925-933 plus maleimidocaproamide. 

Solid phase synthesis of 6-maleimidQcap rnamidft 
30 To Fmoc-Rink-polystyrene solid support (0.5g, 345fimol) was added dimethylfonnamide 
(3ml) and piperidine (0.6ml) and left roller mixing at 25°C for 60 minutes. The solid 
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I 

siq)port was then washed with dimethylformamide (2 x Sml), dichloiomethane (2 x 5ml), 
methanol (2 x Sml), then solvent allowed to evaporate under a stream of air. 

To 6-maleimidocaproic acid (50mg, 0.23mmol) was added TBTU (76mg, 0.25mmol), 
5 dichlotomethane (0.5ml) and dimethylformamide (0,5ml). After 30 minutes a further 1ml 
dimethylfopnamide was added. The Rink-polystyrene solid support (as above) was then 
added and lefk roller mixing for 3 hours at 25**C. The solid support was washed with 
dichloromethane (2 x 3ml), methanol (1 x 2ml), water (2 x 3ml), methanol.-water 50:50 (1 
X 3ml), methanol (2 x 3ml) and finjally dried under a stream of air. To the 
10 maleimidocaproic acid-Rink-polystyrene (7.09mg, 2.4jmioles assuming SQVo yield), was 
added dichloromethane (638^1) and trifluoroacetic acid (j63.8(il) and left at 25^*0. 

To the maleimidocaproic acid-Rink-CPG sohd support was added dichloromethaxie (2ml) 
followed by trifluoroacetic acid (20^1) and left for 20 hours at 25*'C. Then 5|iil was 

15 removed and evaporated and 0.1% trifluoroacetic acidAvater added (1000|xl) of which 
. 135^1 was injected onto a C18 column as above (Figure 6). The soUd support was then 
filtered &om the solution using a glass wool plugged pasteur pipette and a further 5ml of 
dichloromethane used to wash the resin. The splvent was evaporated in vacuo to give 
6- maleimidocaproamide (4.5nig) and then analysed by NMR 5H (300 MHz, CDCI3) 1 .28 

20 (2H, dd, CH2), L50-1.66 (4H m 2 x CH2), 2.17 (2H t J=7.5Hz, CH2), 3.45 (2H t J=6.? Hz 
CH2), 5.54 (IH s N-H), 5.79 (IH s N-H), 6.67 (2H s H-C=<:-iD- The retention time of 
the maleimidocaproamide was determined to be 11.60 mins, the same retention time as 
observed for acidolytic cleavage of Maleimidocaproamide-Sieber-CPG (Figure 8). 

25 Calibration of HPLC Integration vs Mass of Maleimidocapmamide 

To maleimidocaproamide (0.54mg, 2.57|imol) was added 0.1% trifluoroacetic acid/water 
(5.4ml) and both 10|al and 20fxi diluted to 135^1 with 0.1% trifluoroacetic acid/water and 
analysed by HPLC at 215 nm. An integration of 1,0x10^ was found to equate to 27.57ng 
of maleimidocaproamide (Figure 9). 

30 
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. . ■ * * • . . 

■ * 

Cleavage kinetics n f Maleimidocaproic acid-SieherrCyQ 

« 

To maleimidocaproic acid-Sieber-CPG solid support (S.Omg, 4.1^mol/g) was added 
, -water (490^i)-and trifluo^oacetic acid-(5^^^ At specific time periods 20jil was* 

1_ removed and diluted with water (11 5^1)r The solution was tiien injected onto the HPLC. 

5 The integration of the maleimidocaproamide peak was calculated at each time point, 

which was plotted against cleavage tiipe to determine the mte of cleavage (Figure 1 0), 

f!hftniira1 Ca pture of Glvceraldehvde 3-Phosphate Dehydrogenase followed bv 
Proteolysis .i . 

10 To glyceralddiyde 3-phosphate dehydrogenase (8.6mg, 24Qnmol) was added 6M urea 
0.05M TWS pH 8.0 (1.72ml) followed by TCEP (2ing/ml in 6M urea 0.05M TRIS pH 
8.0, 103.5|il) and roller-mixed for 15 minutes at 25**C. Then maleimidocaproic acid- 
SieberrCPG (9.8mg, 37-2nmol) was added and roller mixed for five hours at IS^'C. The 
sup^natant was removed and the resultant solid support was washed with water (2 x 

15 1ml), 6M urea, 0,05M TRIS/ pH 8.0 (2 x 1ml) and finaUy water (2 x 1ml), 

• * • . ■ * . 

To the above protein-bound solid support was.added trypsin (20|xg/ml, 25^1) and SOmM 
carbonate pH 8.0 (O.Sml) and roller mixed for 1 hour at 25**C. The solid support was then 
warmed to ST^C for 20 minutes and then the supernatant discarded. The solid support 

20 was washed with methanol (200^1) then dichloromethane (200^1) and finally 200|il of 
dichloromethane in 1 % trifluoroacetic acid was added and left 1 8 hours. The supernatant 
was removed and both the supernatant and solid support were allowed to evaporate. 5% 
trifluoroacetic acid in water (1 OO^il) was then added and allowed to react at 25®C for 3 
hours. The supernatant was then added to the dried down dichloromethane /trifluoroacetic 

25 acidfi-action. 

A Ziptip® was equilibrated in 0.1% trifluoroacetic acid/water and lOjil of the cleaved 
Sieber-CPG adsorbed onto it, debinding in 50% acetonitrile/50% water witii 0.1% 
trifluoroacetic acid. MALDI MS was performed on the material. As expected, two peaks 
30 were observed with m/z ratios of 1709.87 and 2080.18 corresponding to sequence 232- 
245 plus maleimido caproamide and 232-248 plus maleimido caproamide, respectively. 
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Proteolysis of Creatine Phosphokmase without Chemical Capture 

To creatine phosphokinase (2.0mg, 47mnol) was added 100 mM carbonate bvifTer pH 8.0 
(1.00inl) followed by trypsin (35M.g,-20Kig/ml) and left roller mixing at 25''e for 16 hours. 

5 Then TCEP (2mg/ml, 119|il, 830nmol) was added and the reaction left for a ftirfher 30 
minutes at »25°C. 20|il was removed and added to 5% trifiuoroacetic acid/ water (1 IS^il) 
and HPLC peiformed collecting one minute fractions, between 6 and 22 minutes (Figure 
11). Each 1ml fraction was evaporated in vacuo and dissolved in Sjil of 0.1% 
trifiuoroacetic acid/water and a MALDI MS spectra measured. The following peaks were 

10 observed, toge&er with assignments (Table 1). 
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Table 1: m/z Ratios for Digestion of Creatine Phosphokinase 
(I and n represent two polypeptide chains) 





Peak number 


FfBction 

number* 


1 


2 


3 


4 




6 




8 


9 


5 


914-4 


936.4 


952.4 


986.4 
'(97-10511) 


1008.5 
(97-105 + 
Na^n) 








• 


7 


7S9.2 
C210-215 1) 


983.1 

(216-223 I) 


1130.2 
(139-148 

n) 


1152JI 
(139-148 + 
Na*n) 


•i t 


• 


• 


- 






759.1 

(210-215 I) 


1037.2 
(243-251 


1130.2 
(139-148 

n) 


11S03 


11933 
(237-247 1) 


14583 
(139-151 1) 


1714.4 
(12-25 H) 








816.1 


907.2 
(308-314 

n) 


950.2 

053-259 + 
Na*ID 


970.2 
P3-40 + 
Na*n) 


986.2 
(97-105 n) 


1130.1 

(139-l4S 

H) 


1530.2 
(117-130 

n) 


2S95;6 
(108-130 

n) 


2^^1.2 
(342-366 1) 


10 


1 269.2 
O05-314 

n) 


ZODl.l 

(342-366 1) 
















11 


12693 
(305-314 

n) 


2008.4 
(321^341 . 

ID 
















13 


1507.2 
(157-170 

H) 


1529.2 
(157-170 + 
Na*n) 
















14 


1^3.1 
(224-236 

H) 


1659.2 


1675.1 
(224-236 + 
Na*II) 


2870.6 

(267-292 

II) 


3775.7 
(93-130 1) 










IS 


1643.0 

(224-236 

n) 


1659.1 


1675.0 


3604.7 


(178-209 
H) 











5 Chemical Capture of Creatine Phosphokinase 

To (n:eatine phosphokinase (2.93mg) was added 0.1 M phosphate pH 8.0 (1.47ml) and 
O.Sml removed. Trypsin (100^1, O.lmg/ml in SOmM acetic acid) was then added and 
incubated for 30 minutes at Then TCEP (14.7fil, 2mg/ml in 0.1 M phosphate pH 
8.0) was added and left at 37X for a further 2 hours. 93|xl of ^ solution was removed 

10 and added to MalBut-Sieber-CPG (5.72mg) and left for 90 minutes at 2S''C. The 

supernatant was removed and water (S00|j.l) added to the solid support, mixed by multiple 
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inversion and then the supernatant discarded. A solution of 8M urea, 4% GHAPS, 40mM 
Tris pH 8.0 (SOOfil) was added and roller mixed for 1 0 minutes before discarding the 
s\q?ernatant Then vmter (500^1) was added, inixed by m 
—supernatant-discarded, followed by addition of 0.1*M phosphate pH 8.0, 3 M sodium 
5 chloride (SOO)il) and roller mixed for 60 minutes. The solid support was washed twice 
more with water (SOOjil), mixing by multiple inversion and tiie sx^matant discarded. 
Finally 1 % trifluoroacetic acid m water (SOpil) was added and left overnight (1 6 hours) at 
room temperature (ZS^'C) and a MALDI spectrum recorded (Figure 12). 

10 Maleimidobutvric acid-Sieber-CPG (X Dn^-MalRut, Y Dg Mamiit) 

The Sieber-CPG (lOOmg, 3.83}imol) was suspended in anhydrous dimethylformamide 
(500|j.l) and the Do- or De-maleimidobutyric acid (7mg, 38.3junol), 
diisopropylcarbodiimide (6^1, 38.3jimol) and hydroxybenzotriazole (6mg, 38.3^mol) 
were added and the reaction mixed at 25**C for 1 6 hours. The resin was then collected by 

' 15 filtration and washed successively with dimethylfomiamide (2 x 2ml), dichloromethane 
(2 X 2ml) and diethyl ether (2 x 2ml) before vacuum drying. 

Cleavage reactions 

In a typical test cleavage reaction, 2mg of the prepared Mal-Sieber-CPG resin was 
20 accurately weighed into an Eppendorf tube and 5% aq. TFA added. The reaction was 
mixed for 2 hours and then 20p.l removed and diluted to 135|il with 0.1% aqueous TFA 
and an HPLC performed. The desired cleavage product was found to have a retention 
time of 8.0d:0.2 minutes. The loading on the resin was then calculated from the area imder 
the peak compared to known quantities of or Do-maleimidobutyric acid standard from 

* * > 

25 a dilution series. 

Relative Cleavage Kinetics Dn and Maleimidobutvric acid-Sieber*CPG 
To the Do or D6 MalBut-Sieber-CPG soUd support (N mg) was added 1% trUluoroacetic 
acid in water (N x 100^1) at 25^C. At specific time periods 20fil was removed and diluted 
30 with water (llSjil) and injected onto the HPLC, The integration of the 
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inaleimidobxjtyramide at 8 mins was calculated in order to establish the kinetics of the 
reaction (Figure 13). 

" ^peterminatinn nf the substitution'of m aleiniidnh utTOC add from the area under the HPLC 
5 ceak. • 

A series of dilutions of the Do-maleimidobutyric acid and De-maleimidobutyric add were 
performed to determine the loading of the resin after the cleavage reaction. Thus it was , 
calculated that an area of 6.69 x 10^ equates to 1 x 10"^ moles of maleimidobutyric acid at 
215 nm (Figure 14). • 

10 

Chemical Capture of Glvceraldehvde 3-phosphate Dehydrogenase fGAPPBD on 
Maleimi dobutyric acid-Sieber-CPG Solid Supp ort 

T o GAPD H (1.33mg, 37Dmon was added l ysis buffer (O.S77inl : 8M urea, 4% CHAPS 
(w/v), 40mM tris pH 8.0) followed by TCEP (lOmM, 61nl, eiOnmpl) and incubated for 
• 15 35 minutes at 37°C. MalBut-Sieber-CPG (17.8mg) was, added to the above reduced 
protein solution (55.3^1) and left for 30 minutes at 3TC. The solid support was thm 
washed with water (5 x SOOjil). Then N-acetyl cysteine (2mg/ml in 0.1 M carbonate pH 
8.0, 104.5^1, 1.28^mol) was added and left for 15 mins at 25**C. The solid sxq)port was 
washed with water (3 x 500(j.l). 5.8jil trypsin at 20jig/ml in 0.1 M carbonate pH 8.0 was 
20 added to above solid support followed by 94.2jil of O.IM carbonate pH 8.0 and left at 
25**C for 16 hours. The soUd support was tiieh washed with water (4 x 500^), 
methanol:water 50:50 (2 x 500nl), methanol (2 x 500nl) and finally water (3 x 500^1). 
1% trifluorbacetic acid in water (lOOfil) at 25^ was then added and a MALDI MS 
recorded after 2 hours (figure 6). MS-MS analysis was performed by dilution of the 
25 peptide to a concentration of approximately 100 finol/^1 followed by direct inftision into 
the mass spectrometer at a flow rate of 250nl/min (Figure 15). 

The peptide was shown to have the amino acid sequence: 

30 Val-Pro-Thr-Pro-Asn-Val-Ser-Val-Val-Asp-Leu-Thr-Cys(MalBut>Arg 
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corresponding to sequence 232-245 of rabbit GABDR Tlie experimental results are in 
conq)lete agreement with those in' the literature for Ms sequence (VPTPNVSWDLTCR; 
. SwissProt accession number: P46406). ' • • 

5 One pot trvptic digestion and captur e of Glvceraldehvde 3-DhosDhate DehYHmp ftnagft nn 
MaleimiH obutviic acid -Sieber-CPG , 

To GAPDH (L15mg) was added 0.1 M tris pH 8.0 (200jil) followed by trypsin (40^g/inl, 
0.15ml) together with Ue MalBut-Sieber-CPG (5.0mg) and TCEP (Img/ml in water, 
23.5^1). The reaction was left roller mixing at 25**C for 16 hours then washed twice with 

10 water (1,5ml), once with methanolrwater 50:50 (l-5ml), once with meflianol (1.5ml) and * 
finally twice with water (1.5ml). 1% TFA/water (lOOul) was then added and left for 2 
hours at room temperature. A MALDI spectra was recorded. Peaks at m/z 1681,9 and m/z 
2052.2 were observed, corresponding to sequence 232-245 plus MalBut and 232-248 plus 
MalBut, together with an extra peak at m/z 1763.9 and 1828.2, the former being 307-320, 

15 the latter being unidentified, ■ 

Kinetics of capt ure of laminin fiagment 925-933 on Maleimidobutvric acid -Sieber-CPG 
To the laminin fi^agment 925-933 in 0.1 M phosphate pH 8.0 (1 mg/ml, 50^il) was added 
TCEP (2mg/ml in water, 7.4nl) and left for 60 minutes at 25''C. Then Ds MalBut-Sieber- 
20 CPG (5.85mg) was added to 29.5^1 of the above solution. At 60 minutes, 2jil was 
removed and analysed by HPLC. No trace of the peptide fi:agment was observed, 

DifTerentifll An alysis of Peptides on a and B< Maleimidnbutvric acid-SiebeNCPG 
Solid Support 

25 Three times 5.0mg of the He linker (5.87nmol) were weigjhed out into 0.5ml Eppendorf 
tubes together with the same weight of the De linker into three separate tubes (3, limiol). 
Reduced laminin fragment 925-933 (0.2mg/ml in O.IM phosphate pH 8.0, 207nmol) was 
added to the Hs and linkers as follows: 
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Solid support 


Volume 0.2mg/ml lainiiun 


Volume 0 J2mgtol 


Volume 0^-mg/m1 . 






fragtnent/^l 


laminin firagmenl/pl 


laminin fragment/ill 




HtfMalBut- 


1.9(1) 

4 t 


7.5 (2) 

• < 


7.5 (3) 

• 




Sieber-CPG 










D6 MalBut- 


7.5 (4) 


7.5 (5) 


li>(6) 




Sieber-CPG 

1 




1 





I 



Bold » tube number 

♦ 

■ ■ 

The total' volume was then iiiade up to 20\il ih all cases with O.IM phosphate pH 8.0. The 

♦ 

5 reactions were left at 25°C for two hours with occasional agitation, then the supernatant 
removed. 400^1 of water was then added to the Da solid supports and the soUd supplort 
transferred to the corresponding vial (4 to 1, S to 2 and 6 to 3).'.The particles were then 
thoroughly mixed by repeated agitation and the supernatant removed after centrifiigation. 
1% trifluoroacetic acid in water (100(il) was then added to each of the three vials and left 

10 at 2S^C for 2 hours. A MALDI MS was recorded on the cleavage solution and the 

♦ 

. relative integrations of the lanoinin plus maleimidobutyramide peaks at m/z ratios of 1 149 
and 1155 were measured for each of the three (Figures 16-18). The measured lelative 
integrations were 1 :3.92, 1 : 1 .03 and 1 :0.24 compared with the expected values of 1 :3.94, 
1 : 1 and 1 :0.2S. As can be seen from Figure 1 9 the theoretical and measured values 
15 overlay each other. 

Lysine reactive solid support synthesis 

The Fmoc group was removed from Fmoc-Sieber-CPG (60mg, 2.30|imol (assumed 
loading 38.3fimol/g)) by addition of 50:50 DMF;piperidine (SOOjil) to the solid support 
20 for one hour followed by washing with dimethylformamide (2 x 2ml), dichlorometfaane 
(2 X 2ml) and diethyl ether (2 x 1ml) before vacuum drying. 

The Sieber-CPG (50mg, 1.92mol) was suspended in anhydrous dimethylformamide 
(SOOfil) and hexanedioic acid (7mg, 38.3|imol), diisopropylcarbodiimide (4^1,.19.2jmiol) 
25 and hydroxybenzotriazole (4mg, 1 9.2pmol) were added and tiie reaction mixed at 25®C 
for 1 6 hours. The resin was then collected by filtration and washed successively with 
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dimctiiylformamide (2 x 2ml), dichloromethane (2 k '21111) and diefliyl ether C2 x Iml) 
before vacuum diying. 

< 

The resin was lesuspended in anhydrous DMF (1ml) and TSTU (5mg, 19^^mol) and 
.■ ' * • * 

5 triethylamine (4(xl, 19.2p.mol) were added and the reaction mixed for 16 hours. The lesin 

was then collected by filtration and \Mashed successively with dimethylforiDamide (2 x 

2ml), dichloromethane (2 x 2ml) and diethyl ether (2 x 1ml) before vacuum drying. 

■ 

I • » . . . ■ ■ 

Chemical Captu re of y-ami no Group Functionality on NHS- Adioic acid-Sieber-CPG 

K) [Val-OH]-a-melanocyte stimulating hormone (Img/ml in O.IM phosphate pH 8.0, 
20.5jil, 12.3mnol) was added to NHS-Adipic-Sieber-CPG (2.47mg, 12.3nmol assuming 
substitution = 5jimol/g) and left for 60 minutes at 25*'C The solid support was washed 
with water (3 x SOOfxl). Trifluoroacetic acid (1% in water, lp0^1) was added to the solid 
and left at 25**C for 1 hour and a MALDI spectrum then recorded (Figure 20); As 

15 exepcted, major peaks at wfe ratios of 1665.78 and 1792.81 were observed corresporiding 
to the unlabelled and labelled peptide, respectively. 

♦ 

Chemical Capture of a-amino Group Functionality onNHS-Adipic acid-Sieber-CPG 
To bag cell peptide 1-8 (10.6(il, Img/ml in water, 10.5nmol) was added 0. IM phosphate 
20 pH 8,0 (3 1 .8jil) and NHS-Adipic-Sieber-CPG (2. 1 Omg, 10.5nmol assuming substitution 
= 5^imol/g) and left at 25°C for 65 minutes. The solid support was washed with water (3 x 
500^1), 1% trifluoroacetic acid in water (lOO^il) added and left at 25''C for 60 minutes and 
then a MALDI spectrum recorded (Figure 21). Major peaks at m/z ratios of 1009.65 
(unlabelled peptide) and 1 136.73 (labelled peptide) were observed, as e3q)ected. 

25 

Chemical Capture of Hydrophobic Peptides on Maleimidobutvric acid-Sieber-CPG 
The potential for capture of hydrophobic peptides in organic solvents was investigated in 
dimethylsulphoxide and dimethylformamide: 



30 
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(i) Dimethylformcanide 

To Ac-Glu-Glu-Val-Val-Ala-Cys-AMC (0364mg, 429imol) 

dimethylfomamide (530^1) and the peptide dissolved by heating to around eO'^C. 1 5fil of 
this solution was added to MalBut-Sieber-CPG (4.36 mg, 12. Inmol) and left at 25^*0 for 
5 2 hours. The solid support was then washed twice with medianol (SOOjil), and 1% TFA in 
methanol ailded (50^1). The reaction was left overnight, then a MALDI spectrum 
recorded. 

•I .. 

(ii) • Dimetkylsiilphoxide ' , 

10 To Ac-Glu-Glu-Val-Val-Ala-Cys-AMC(0.14mg, 165nmol) was added 

dimethylsulphoxide (205|il) and dissolved by heating to around 60^C. 18.S(xl of this 
solution was added to MalBut-Sieber-CPG (5.4mg, IS.Onmol) and left at 25**C for 2 
hours. The solid support was then washed once with dimethylsulphoxide (200fil), once 
with methanol (SOO|xl) discarding the supernatant without roller mixing, then twice with 

• ■ 

' 15 methanol (SOO|il), the methanol discarded and 1% TFA in methanol added (S0^1). The 
reaction was left overnight, then a MALDI spectrum recorded. 

A peak at a m/z ratio of 1052.5 was observed in both cases corresponding to the e>qpected 
Ac-Glu-Glu-Val-Val-Ala-Gys-AMC plus maleimidobutyraiiiide. • 

20 

Quantitative capture of reduced and denatured protein on Maleimidobutvric acid -Sieber- 
CPG Solid Support followed bv nroteolvsis and cleavage 

To GAPDH (2.78mg) was added lysis buffer (625^1; 8M urea 4% CHAPS (w/v)i 40 m 
phosphate pH 8.0) and TCEP (33^1, 2mg/ml in lysis buffer) and heated to lOO^C for 2 
25 minute, then cooled rapidly under a stream of cold water. The volumes specified below 
were added to the He and Da MalBut-Sieber-CPG solid supports and the mixture left 
roller mixing at 26*^C for 4 hours. 
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ExptID 

• 


Mass solid 
support/ 
mg • • 


Identity solid 
support 

• 


Volume '• 

GAPDH/)il 
• 

• 


Voixime lysis 
buffet/ ^1 


- 1 


- -5.15 


Hfi 


4- --- 


17 


2 


5.45 


Hfi 


16 


5 


3 


5.23 


D6 • 


16 


5 


4 


5.76 




4 


17 



Tube 1 was fhen transfeired to tube 3, tube 2 translEbired to 4 and each reaction washed 
twice with water (SOOfil), roller mixing for 2 minutes flien decanting off the supernatant. 
N-acctyl cysteine (10.4|il, 10 ing/nil in 0.1 M phosphate pH 8.0) was added together with 
5 0,1 M phosphate pH 8.0 (lOtil) and roller mixed at 26*^0 for 10 piinutes. The solid 
^.support j«asJhen_^ashed.with.waterX2 x 500|il),.roller.mixing.for.2.minutes.prior to 
decanting the supernatant Trypsin (40p.l, 1 OOng/ml in 50 mM acetic acid) was added to 
each together with 0. 1 M phosphate pH 8.0 (40ki1) and roller mixed at 26°C for 30 
.minutes, then incubated at 37°C in a water bath for 16 hours. The solid supports were 

10 washed with water (2 x SOOfxl) and 8M urea, 4% (w/v) CHAPS, 40mM phosphate pH 8.0 
(SOOjil) was added and roller mixed at 26°C for 50 minutes. The solid support was 
washed once with water (500^1) and then 0. 1 M phosphate pH 8.0 3M sodium chloride 
(500^1) was added and roller mixed for a further 50 minutes at 26**e. The soUd support 
was washed a fiuiher two times with water (500^1), roller Tniving for 2 minutes in 

15 between. Then 1 % TFA in water (50 id) was added to each vial and left for 3 hours at 
25^C roller mixing and a MALDI spectra recorded of the supernatant. The relative 
integrations of the H6:D6peak at m/z 1681 and m/z 1687 were 1:3.02 and 1:0.21 
compared to the theoretical value of 1 :4 and 1 :0.25. 

20 Svnthesis of MalBUT-Sieber-FicoU 

To a solution of the Fmoc-Sieber linker (lOmg, 0.06mmol) in anhydrous DMSO (500(xl) 
was added TSTU (17mg, 0.12mmol) and diisopropylethylamine (8pl, 0.12mmol) and the 
reaction mixed for 30 minutes. To this solution was added Ficoll PM70 (Amersham 
Biosciences) (25 mg) and diisopropylethylamine (8|j.l, 0.12mmol) and the mixture 
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agitated. After 2 hours the solution was treated witU piperidine (lOOjil) to cause removal 
of the Fmoc protecting group. The solution was diluted to 2.5mi with deionised water and 

purified on a Pharmacia PD-10 desalting column. The desired fraction was collected and 

« 

Ae water removed in vacuo to afford a white solid of Sieber-FicoU. 

♦ 

To a solution of maleimidobutyric acid (24mg, 0.06mmol) in anhydrous DMSO (SOOfil) 
was added TSTU (17mg, 0.12mmol) and diisopropylethylamine (8|il, 0.12mmol). After 
stilling for 30 minutes the Sieber-Ficoll (see above) and diisopiopylethylamine (S^il, 
0.12mmol) were added and ttie solution stirred for 2 hours. The solution was diluted to 
2.Sml wifli deionised water and purified on a Pharmacia PD- 1 0 desalting column. 

Cleavage reaction 

To MalBut-Sieber-FicoU (475fil) was added TFA (25|li1) and left at 26°C for 16 hours. 

, J354il.was.injected.onto an HPLC, giving.a-peak^.83mins-believed-to-be 

maleimidobutyramide. To confirm the presence of the amide, authentic material was 
produced by addition of MalBut-Sieber-CPG (3.81mg) to 1%TFA in water (381^1) and 
the reaction left for 30 minutes at 26**C. An equimass amount of the cleaved authentic 
material was mixed with the cleaved MalBut-Sieber-Ficoll solution and the two co- 
injected onto the HPLC. The putative maleimidobutyramide fi:om acidolytic cleavage of 
MalBut-Sieber-Ficoll appeared at identical retention time to authentic material. 

The Chemical Capture and cleavage from MalButrSieber-FicoU was demonstiated as 
follows: to MalBut-SieberrFicoll (475jil) was added laminin fragment 925-933 (Img/ml 
in p. IM phosphate pH 8.0, SOfjil) and left at 26**C for 20 minutes. The Ficoll was then ' 
desalted on a Pharmacia PD-10 colmnn into water, taking 1 minute fractions. lOjil TFA 
was added to each firaction and left for 16 hours at 26**C. A MALDI spectra was recoided 
on each firaction. A peak at 1 149.27, corresponding to laminin fragment 925-933 plus 
maleimidobutyramide, was observed. 

Protein extraction from Escherichia coli 

Protein extraction from the control and stressed population is achieved following cell 
lysis. 50ml of Escherichia coli cells fix)m an overnight culture of each sample is 



# 
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5 



becomes clear. The final concentration of protein can be determined using a BCA protein 
assay (BioRad). « 



Protein reduction and trypsin digestion 



The lysate is reduced by addition of 30nl of 10 mM tris(2-caiboxyethyl)phosphine 

■\ 

hydrochloride to 300^1 of each cell lysate and incubated for 30 minutes at 3TC. Both cell 
10 lysates are then diluted 1 : 1 with 1 OOmM bicarbonate buffer pH 8.0, 0.5ml total volume to 
give a protein solution of around 2. 5mg/nd. 

Trypsin (lOOjig/ml in ImM hydrochloric acid, 0.1% (w/v), 12.5^1) is added to each of the 
cell lysates above and left at 25°C for 20 hours. The reaction is quenched by the addition 
. 15 of 2 |il of 0. 1 mg/ml Na-tosyl-L-lysyl chlorometiiyl ketone (TLCK) as a trypsin inhibitor. 



support synthesised as described above (0.1 g) containing either the deuterium or the 
20 proton label at pH 8.0 and the reaction is incubated at 25^C for 2 hours. The two 

labelling reactions / resins are then pooled in a single tube for further processing. The 
excess maleimide functionalities on the resin are quenched by the addition of 0.16g of 2- 
mercaptoethanol and incubated at 25^C for IS minutes. The resin is washed thoroughly 
with 0.1 M phosphate pH 7.0 (10ml) to remove unbound peptides and mercaptoethanol. 

25 

Cleavage of labelled peptides from resin and separation 
The labelled peptides are cleaved firom the resin by the addition of Sml of 1% 
trifluoroacetic acid in to the pooled resin-bound peptides and incubated at 2S^C for 60 
minutes. The supernatant is collected and the resultant peptide mixture injected onto a 
30 p^tide Ci8 column pre-equilibrated in 0. 1 % trifluoroacetic acid/water. The peptides are 



Labelling of trvptic digest 

Each of the reduced and digested protein lysates (500 jil as above) is added to the solid 
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separated using an increasing gradient of 90% acetoBi1rile^lO% water with 0,1% 
trifluoroacetic acid over 60 minutes separation run. 1 min (1ml) fiactions are collected; 

• ' • " "" * » » ~ ~ ' " ' I '. |— ; • ■ I , , .» 

* -MS analvsis-of peptide fractions - . ; 

5 The peptide fractions are dissolved in 5 ^1 of 0. 1 % trifluoroacetic acid in water followed 
by the addition of 5^1 of lOmg/nd a<yano-4-hydrocinnamic acid in 50:50 
acetonitrile:etfaanoL The peptide-matrix sample (O.Sjil) is spotted onto a MALDI target 
plate and the molecular weight of the peptide measured in positive ion reflectron mode. 
. The relative integration of aU peaks shifted by 4 Dl is determined for relative 
10 quantification of the component peptides. 
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i 

CLAIMS 

1 . A capture reagent having Fonnula d): 

I 

5 PRG-L-X-carrier , 

wherein: 

PRG is a peptide or protein reactive group 
* L is a linker group ' 

10 X is a cleavable group 

« • 

2. A capture reagent as claimed in claim 1, wherein the peptide or protein reactive 
group PRG is selected from the group consisting of maleimide, N-hydroxysuccinimidyl . 
ester, pyridyldisulfide, vinylsulfone, iodoacetamide, epoxide, nitrile» aiyl thiol, sulfonated 

15 alkyl, isothiocyanate, isocyanate, imidoester, sulphonyl halide, aldehyde, ketone, amine, 

♦ 

alcohol, hydrazine, fluorophosphonate, a-haio methyl ketone, acyloxymethyl ketone and 
4-(phenylamino)quinazoline. 

3. A capture reagent as claimed in either of claims 1 or 2, wherein the peptide or 

w 

20 protein reactive group PRO is maleimide. 

4. A capture reagent as claimed in either of claims 1 or 2, wherein the peptide or 
protein reactive group PRG is N-hydroxysuccinimidyl ester. 

25 5. A capture reagent as claimed in any of claims 1 to 4, wherein the linker L group is 

• • • 

selected fix>m the group consisting of ether, polyether, amide, polyanodde, polythioether, 
disulfide, silyl ether, alkyl, alkenyl, aryl, diaryl and alkyl-aryl group. 

6. A capture reagent as claimed in claim S, wherein said linker group L is a C5 or a 
30 C4 alkyl group. 
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7. A capture reagent as claimed in any of claiijoi;; 1 to 6, wherein the linker grbiq> L 

* 

comprises a detectable label moiety characterised in that cleavage of the cleavable groxip 
. , results in the det!ectat>l9 label moiety remaining bound to the PRO. . .. 

5 8., : A capture reagent as claimed in claim 7, whwem said detectable label nioiety is 

selected from a stable isotopic label, a radioisotopic label, a chromophore or a 
fluorophore. 

9. A capture reagent as claimed in claim' 8, wherein said isotopic label is selected 

'. ' < ■ .It 

10 fix>m the group consisting of ^H/^C/H"0,"0,^S,^^S and ^**S. 

* m , 

10. A capture reagent as claimed in claim 8, ^iierein said fluorophore is a flucnrescent 
dye selected from the group consisting of fluorescein, ihodamine, coumarin, cyanine dye 
(CyDyes^n^, BODIPYTM dye and squarate dye. 

is: 

11. A capture reagent as claimed in any of claims t to 10, wherein said cleavable 
groi^ X is cleavablp by treatment with an agent selected fiix>m the gix>up se^ 

acid, base and enzyme. 

■ 

20 12. A c^ture reagent as claimed in any of claims 1 to 10, wherein the cleavable 
groiip X is cleavable by means selected jfrom the groiq) consisting of photochemical, 
thennal, electrochenucal, reductive, nucleophiUc and electrophilic cleayage. 

13. A capture reagent as claimed in claim 1 1, v^erein the acid cleavable group X is 
25 selected firom the group consisting of 3-(aminomethyl)-indol-l-yl-acetic acid, 9(atQino- 

xanthen-3-yl)oxy acetic acid and 4-[amino-(2,4-dimethoxyphenyl)-methyl]-phenoL 

14. A capture reagent as claimed in any of claims 1 to 13 wherein the carrier is a solid 
support. 

30 



» 



10 
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IS. A capture reagent as claimed in any of claims 1 to 13, wherein the carrier is a 
\vater soluble carrier. 



16. A capture reagent as claimed in claim 1 5 , wherein said water soluble carrier 
5 comprises FicoU PM70. * 

17. A capture reag^t of Formula (n): 



I 




I^^^H— Carrier 



Formula (II) 



18. A capture reagent of Formula (III) 




15 Formula (m) 
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19. A capture reagent of Formula (TV) 




■ I • -I 



FonnxilaOrV) 

20. A method for making a capture reagent as claimed in any of claims 1 to 19. 

♦ 

• ■ . • • 

10 21. A method for selective labelling and purification of proteins and peptides 
comprising the steps of . 

a) providing a capture reagent as claimed in any of claims 1 to 19 to a san:q)le containing 
proteins or peptides under conditions to promote attachment of the proteins or 
peptides to the PRG; 

15 b) releasing captured components firom the carrier; and 
c) detecting and identifying the released components. 

22. . A method for selective labelling and purification of proteins and peptides in one 
or more samples containing mixtures of proteins or peptides comprising: 
20 a) providing a capture reagent as claimed in any of claims 1 to 19 to one or more 

samples containing proteins or peptides imder conditions to promote attachment of 
the proteins or peptides to the PRG, wherein the detectable label of the captiire 
reagent provided to one sample is distinguishable from that provided to another; 

b) releasing captured components firom the carrier; and 
25 c) detecting and identifying the released components. 
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23. The method of claim 21 or 22, farther comprising a pre-treatment step wherein 
functional groups on the protein or peptide are modified to render them reactive 'wifh the 
protein reactive group PRG prior to conducting step a). 

24. The method of claim 23 , wherein modification comprises treatment of carboxylic 
acid groups on the peptide or protein >jdth carbodiimide. 

25. The method of claim 23 , wherein modification comprises elimination of 
phosphate groi^>s on the peptide or protein to leave'a! reactive alkene group i^ch, 
optionally, may be converted to a thiol group. 

« 

26. The method of claim 23, wherein modification comprises oxidation of vicinal diol 
groups or dehydration and reduction of aldehyde or ketone groups in carbohydrate- 
containing peptides and protems. 

27. The method as claimed in any of claims 22 to 26 further comprising: 

d) measuring the relative abimdance of the released components derived &om each 
sample. 

28. The method as claimed in any of claims 22 to 27 wherein the captured samples 
are mixed prior to releasing the captured components fix)m the carrier. 

29. The method as claimed in any of claims 22 to 28 further comprising a washing • 
step prior to step b). 

30. A use of a capture reagent as clEiimed in any of claims 1 to 19 in analysis of 
proteomes firom one or more different samples. 

31. A kit for use in the analysis of proteomes, said kit comprising a capture reagent as 
claimed in any of claims 1 to 19. 
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32. An automated system for analysis of proteomes comprising use of a cqyture 
i^ent as claimed in any of claims 1 to 19. 
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Fig.3. 
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Fig. 6. 



OMe NHRnoc . 

0 



MeO 




CPG 



ii and iii 



H 

OMe^N 



MeO 




i) Hydroxybenzotriazole, diisopropylcarbodiimide, CPG-NH2 in DCM/DMF 

iO Piperidine, DCM , 
iii) Maieimidbcaprolc acid, diisopropylcarbodiimide, diisopropylethylamine, DCM 




0^ 

NH-AM polystyrene 



Fig. 7. 



0< 

NH-AM polystyrene 




II 




0 



H 



N 

NH-AM polystyrene 

i) 2,2-dimettioxypropane, 1 ,3-diamlnopropane, methanol ii) Maleimidocaproic acid, 

N-liydroxybenzotriazole, N,N-diisopropyletliylamine, 
1 ,3-diisopropylcarbodiimide. DCM, DMF 




wo 03/00S026 



PCT/GB02/0303S 



7/16 



Fig.8. 
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Fig. 12. 
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Fig. 19. 
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peptides comprising using a capture reagent of Fomiula (I). 
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